
sinl~lar i i ~ ~ ~ r n e t e r  ( that  i.;, s,implc\ 7 ;(nil 1 ,  
req~ect~r-e ly) .  LY'e h c l i c ~ ~ e  tliat tlii.; compar- 
ison ilemonstrateq the importance of S ~ L I L ~ \ - -  
In. in,Ii~id~lal lianotul~es tliat are structur- 
alll- ch,iractcr~:cil to i l e t e rm~~le  their ~ n t r ~ n -  
SIC proyertlc'i. It I alqo Intcrestlng to con- 
s~iler it '  ~t \v111 l?c poss~l~le ,  I.\- ~n t roc l~ lc~ng  
ilcfects ii~rcctlv with the probe tly or hy 
other means, to prol~e systematicall\- the 
ei'iec~s o i  e lcct ro~l  scatterlng in these one- 
d~menbional structures. 

T h e  s e n \ i t ~ ~ ~ t v  nf reslstlvltv to  structilr- 
a1 imperfcct~ons m ~ ~ i t  be accounted for 
to  dctel.mine ultimatel\- the  i n t r i n > ~ c  con- 
~ L I C ~ I Y I ~ I -  of n a n o t ~ ~ l x s  h ~ l t  mav also allow 
ta i lor~ng o t  the  r e ~ i s t a ~ l c c  of these 111~1tcri- 
als fur apl?l~catlon\.  Wre l ~ c l ~ c v e  tllat our 
e rp tx~menta i  approach opens the  cloor to 
ileveloping a clear i~n i l c r s t an i l in~  of nano- 
tulle e lect r~cal  tranquort and to t e> t~nc!  
theoretical prcdic t~ons,  althougli t h ~ s  \\-111 
requlrc c , i rcf~~l  qtuJieq of the  temperature 
and dialnetcr d e p e ~ ~ ~ i e n c ~ e s  o i  the  resiitiv- 
~ t y  111 structurallr- characteri;e,i qamples. 
T h e  a i~uroach o,~tlinccl here slioulcl be 

~ 

,~ppl~e.ible to p ro l~ ing  d' the lntrlnqlc clec- 
trical propertics of metal-filleL1 nanot~~l?eq 
(1 8), carhiclc nanoroiib (1 1 ) ,  an11 l ~ o r o n  
n ~ t r i ~ l e  n a n o t ~ ~ l ~ c s  ( 19)  and furthermore 
m,Iy he a l ~ l e  to ,I-ess the  v a l i i l ~ t ~  of 
the  tern1 "mr>lec~~lar  wire," n-111cll 11~1s 
been n.lLlel\- appllcil to organic a1111 biolop- 
leal nanostrL1cturz.i 1 1 ,  7 ) .  Lastlr. \ve note  
that  the  e spe r~mcnta l  approach o ~ l t l ~ n e d  
ln F1g. 1 call I3c genera1i:eci to me,isure 
the  mechan~c, i l  propertiei: o i  nanoma- 
t c r l a l ~  and therelly aJdress their appllcn- 
131llty in composites and other structural 
;yqtemi: (211). 
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Monsoons and High-Latitude ~lisaasntas 
During the Last DegBaciaRhon 

F. Sirseko," D. Gavbe-Schbnbsrg, A. Mclntyue, B. Molfins 

The major deglacial intensification of the southwest monsoon occurred at 11,450 5 150 
calendar years before present, synchronous with a major climate transition as recorded 
in Greenland ice. An earlier event of monsoon intensification at 16,000 i 150 calendar 
years before present occurred at the end of Heinrich layer 1 in the Atlantic and parallels 
the initial rise in global atmospheric methane concentrations and the first abrupt climate 
changes in the Antarctic; thus, the evolution of the monsoonal and high-latitude climates 
show teleconnections but hemispheric asymmetries. Superimposed on abrupt events, the 
monsoonal climate shows high-frequency variability of 17%. 1450-, and 1150-year 
oscillations. and abrupt climate change seems to occur when at least two of these 
oscillations are in phase. 

L , .. 

M a l o r  regions of the K\'i>rthern Hemisphere 
are 1nt1~1enced e ~ t h c r  13y Atlantic-contrr>lIe~l 
\\~tliIs anii precipitation or by  the monsnonq 
(Fig. 1) .  To ex-aluate p11yuc.il lu11kq hetlvecn 
the.c tivo large-scale qy>tem>, we comparcJ 
their c l i ~ n a t ~ c  h~story J u r ~ n g  the t r a n s ~ t ~ o n  
from the last glac~al epoch into the Holo- 
cene as recorded 111 Grec~lla~lcl ice cores an,] 
111 ilcep-sea sccl~~l lc~l ts  f~-om the A r a b ~ a n  
Sea. F~rs t  olxervcd hv Dansgaarci 2t  0 1 .  ( 1 )  
and cc)nf~rmcil 1'7 the Ice cores of the 
Gsecnlanil Ice Core Project (GRIP)  ancl 
Greenland Ice Sheet Project I1 (GISP7) (7. 
3 ) ,  the  f~ r s t  abrupt iicglac~al lvarmlng ex-ent 
over the  Sor th  Atlantic ancl Greenlanil 
o c c ~ ~ r r e d  14,500 ? 150 calendar ye;irs be- 

b r e  present (B.P.),  follc~n~ed l ~ y  ,innther 
\val.mlnp event a t  11.600 -t 150 cale~ldar 
years B.P. (Fig. 2) .  T h e  incrcaqc in glohal 
a t ~ ~ ~ o . ~ > h e s l c  methane conccntrat~ons, 111 

contrast, as recc~rcieii in the GRIP ice core, 
qt,irted about 16,000 ca le~ l~ la r  year? B.P. 
(4), ~nillcatlnu a11 early onset of enr~iron- 
mental change 111 the  t ropes ,  where ~l los t  of 
the modern methane is ~?ro~Ii~cecl in nret- 
lancls. T h e  first ~leglacial ch,inge in wine1 
tralectories and ~iilst colltellt over .i\ntarc- 
tica also starteil at ahoilt 16,000 cale~lclar 
years B.P. (j), that 15, also sign~ficantl\- 
ear l~er  than the first t c ~ i ~ p e r a t i ~ r c  Increase in 
Greenland (Fig. 3 ) .  Accc~rdinyly. the ell- 
mate o i  the hiyh lat~tuiles in the Northern 
anti S o l ~ t h c r ~ l  hcm~spheres shn\v strong re- 

F, Srzckc eno D Garbe.Sc[-,bnberg, Geocgcal-P;eon contrasts. 
tclogice lnstitkte Uni,:ersity Kiel 3Ish~~isenstr;sse 40- To co~npare  this asymmetr~c e v o l ~ ~ t ~ o n  
60. 2'1 e Kiel. Gerrran:] o f  the  polar climates with the c\-oh~tioil o i  
A. 'vlclntyre ano E. 'vl?I:inc Laront -Dohew EaW 3b-  
selqb,et?r;, P;sacIes NY -0964, IJSA the h~lhtropical monsoons, Lve ilseLl data (6)  

from core 74KL fro111 the irywellinp area (>i 
-To ,?/-ern cc -es~onclence si;?lLila ce edoressecl at 
~eofcrsc~JngsreIltrLIIr Potsdaln Aln Teiegrafenberg the western Arahian Sea (Fig. 1 ), where 
AI 7 ILL73 >c t soe l~ ,  Gerliieny tlvz ahnlpt 6"0  changes have been ilk- 



Fig. 1. Areas affected by monsoon prec~p~tatioti 
[gray regotij (equal area projecton, modified from 
GCP-349 plannng repori) and by preciptaton 
derived from the Atantc-European v:est\vind dr~ft 
(eastern exieni tnarked by heally cui?!ei Drling 
locatons of the Greenland ce-core projects (GRIP 
and GISP2r and sedment core 7;KL are shov:n 
for reference 

~erveci and clatecl 1.y a n  accelerator mass 
spectrometry (AL'IS) IiC chronology (7 ) :  
the major 6"O events are celntered at 
16,200, 11,452, ancl 9900 calenclar years 
B.P. Our  pros\- ind~cator  for ar~dit! ancl 
humidity 111 Arabia 1s tlie abundance of 
terrlgenous matter (6), which 1s largely eo- 
lian, b e i n  toclay ileri\~eil fro111 Arabian 
ilesert dust settling from m~d-troyosyher~c 
northwesterly \v~ncls il~lrinc sLimmer (8), 
w ~ t l i  some mlnor contributions fro111 Eajt 
A f r ~ c a  and the Perslan G ~ l l f  region ( 9 ,  10) .  
D u r ~ n g  qlacial tlmes, much larger propor- 
tions of 'lust \\,ere also derived trom the 
Persian Gulf area anil nc~rtliem I n d ~ a  (10 ,  
1 I ) .  Pros\- indicators of so~ith\vest monsoon 
strengtll are caLjmi~lm (Cd)  and I?ar~um 
(Ba) content,  n l i ~ c l ~  reflect the fhlx o t  or- 
ganlc lliatter from the so~~tliwest-monsoon- 
i lrl~.en uy~vellinji in the \vejrern sector of 
the  Arabian Sea (1 1 , 12).  T h e  1-ariations of 
these tracers In core 74KL record 18,220 to 
16,520 calenclar years B.P. as a late clacial 
mlnlmum in the ~ntensity of southwest- 
monsoon-Jrlr~en ~~pwel l ing  productivity, 
paralleled hy maximum clust illis, anil thus, 
maximum aridity in Arabia (Fi,g. 2).  

Thls  ~n te rva l  o t  1o.i~ soutliiveat-mon- 
boon lntenslty co~ncides  ni t l i  H e i n r ~ c h  
layer 1 ( H L l ) ,  the  time of mass~r-e iceberg 
cl~scllarge from the  L a ~ l r e ~ l t ~ i l e  Ice Slieet 
~ n t o  the  n-ejtern and central Atlantic,  dat- 
eel at 14,802 to  13,500 14C years aco (13)  
[corresyoiicling rouclily to 18,320 to 
17.202 calerlilar years B.P. (14) l .  Major 
~ceberg  .surges 111 tlie Norivegian Sea orig- 
lnatecl from tlie Barelits Shel t  14,202 to  
13,202 14C years B.P. (17,702 to  16,720 
calenilar \-ears B.P.) (1 5 ) ,  just witliin HL1. 
.Accordinjil\-, the  initla1 d e c q  c ~ t  tile Fen- 
~ i o s c a n d ~ a n  Ice Sheet  occ~lrred a t  the  same 
tllile or sl~glltly after the  breakup of tlie 
Laurenriile Ice Slieet. X close connection 
lxt\\-een the  A t l a n t ~ c  H e i ~ i r ~ c l l  layers ancl 
tlie .Asla11 \\.inter monsoon lias alreaily 
been clocumenteJ by strong loess trallsporr 
in central Ch ina  during tllnes t ~ t  all Hein- 
r ~ c h  layers ( I  6 ) ;  our data shoxv tliat these 

Fig. 2. Age correat~on betiveen abrupt climatic changes In Greenland (GSP2 ice corej and those In the 
monsoon region !74KLj. Methods and units are described in (6. 26). The 8lq0 data and age inode for 
GISP2 are from (3, 34, 39). The 81i0 data were resampled at 150-year intervals and represent the nput 
data ior the cross-spectral analysis I F I ~  4). Stppled bars indcate tmes o i  abrupt events n monsoonal 
climate in UiTh-adjusted '-C years (7). The age o i  HLI is irom (13). The continuous line without markers 
in the REE plot shows the amptude varations In F g  5 The U/Th adjustment o i  the "C dates for core 
74KL follov~~s the procedure of Bard et a1 (74) and is documented In (7) Bard eta1 (40) recently showed 
ther older (143 U i rh  adjustment scheme to produce ages 500 years too old for glacial ages i l 8 . 0 0 0  
calendar years B P To keep the stratigraphy o i  this paper consstent w~ th  our older papers (7, 1 I ) ,  we 
have used the ages as published In (73. 

t e l e c o ~ l ~ l e c t ~ o n s  also exlqtecl in the  bum- 
mer season. Unresolvecl I <  t he  i~ue j t ion  o t  
nlietller tlie connection IS medlated hy 
the  in tens~t \ -  oi Asian n-inter, 11-inter to 
sumnler sno\v deptli (1  7 ) ,  or a tnle tele- 
connection cluring the  jummer season. 

Tlie rapid r e d ~ ~ c t i o n  o t  terrigenous mat- 
ter 111 core 74KL at 16,220 calendar years 
B.P., near the  encl ot  HL1, should reflect a 
r educ t~on  of J ~ s t  f lus  from .Arabia raral-  
le111ig a general increaje o t  In~miclity 011 

tlie p e n i n s ~ ~ l a .  T h e  same t r a n s ~ t ~ o n  was 
reflected in East African lake levels (18) ,  
global atmosplherlc methane level5 ( F I ~ .  
2 ) ,  and a n  increase in teinperature and 
ijecrease 111 dust content  over .Antarct~ca 
( 5 ) .  A p p a ~ n t l y ,  the  Snutliern Hemispher- 
IC l~o la r  cl~lllate liacl a t ~ u h t  connection to  
tlie c1111late of tlie suhtroyics i l~iring tliis 
early event of ~ l i o ~ i s o o ~ l  ~n tens i f i ca t~on ,  a t  
a tllne ivl1e11 C>reenland \\a. still uniier f i l l1  

g l ac~a l  con c I '  ~ t ~ o n s .  
T h e  nes t  event in tile mcjnsoonal c11- 

mate, at 14,502 cale~lclar vears B.P., n-as not 
clearly .\-ls~ble in tlie i>lobigerinoitler I L L ~ ~ T  

6ISO recorci of 74KL (7 )  1s poorly yet 
s ign~f~cant ly  ilei~necl 111 the upn.ell~ng (Ba) 
and chlst t1~1x (terrlgenous) recorci (Fig. 2) .  
This event nias the lllont l-ironounceil 
chance in c111nate over Greenland, the 
Boill~ng t ransi t~on ( 3 ) ,  hut 'ivas not observed 
over Anta rc t~ca  (5 ) .  T h e  AllerclJ anil 
Bcslllng interval re \ -eal  a s o ~ ~ t l ~ ' i s e , s t - m ~ ~ ~ ~ - -  

soon intensity \\,ell lielow that during the 
Holocene. Tlie Younger L3ryas is Iiarely 011- 
servable in tlie record o t  ~ ~ ~ \ v e l l l n g  (Ba) hut 
1s associateil n.ith an  increase o t  ter r ipeno~~s 
matter, ma id \ -  o t  those propo~.tions that 
mrere also abundant c l ~ l r ~ ~ l g  glac~al rimes, 

deriveit tl-om tlie Persian Gul t  area or tlxnq- 
porteci trom Pakistan ancl India by btrong 
nortlieast-monsoon n.incls (1 1 ,  19) .  Later, 
at the end of the  Younger L3ryas, the intcn- 
i ~ t y  of the summer southivest ~ l lo~ l soon  in- 
creaseil greatly at 11,452 I 152 calenciar 
years B.P. (Ba, Flg. 2 ) ,  paralleled liy a sllarp 
reiluct~on o t  iluit flux, ma~nly  of those pro- 
port~~onscjeri\~ed fro111 tlie north (1 1 ). This 
c l~mate  transition ijurinc both \\,inter ancl 
summer appearstto coi~lcicle \v~t l l  the major 
cll~natic amelioration in the Sort11 Atlantic 
region anci Europe (20)  ilated at 11,652 z 
152 calendar years B.P. in the C>reenland 
ice cores (Fig. 2) .  T l i ~ s  change ls, lion-ever, 
harely v~sible in the Antarctic t empcra t~~re  
record (5). A s~~hsequen t  Increase 111 mon- 
soon ~ n t e n s ~ f ~ c a t i o n  a t  9700 calenilar \-ears 
B.P. has no clear correspondlnq pattern 111 

the North  .Atlantic nor 111 the Xntarctlc 
c l i ~ l ~ a t e  (Fig. 2 ) .  T h e  Gree~lla~lci t e m ~ e r a -  
ture Illcrease reached ~ t s  Holocene level at 
this time. but temperat~~res  over .Antarctica 
\\,ere already ixginning tcl decrease. 

D~SCIISSIOII al-iout the p x s ~ h l e  forcing 
lnecl la~l~s~l ls  of abrupt cl1111ate clia~lge o n  
time scales of ilecaJes , ~ n d  cent~lries has 



l~ichl~glircil  three mechan~smi that are re- 
garcled as llaving the  greatest po ten t~a l  to 
atfect climate i>11 a global xcale (21) :  ( I )  
fresh water ~ I L I X ~ S  111to tlie North  At la~i t ic  
effect~ng the north\:-arc1 tlo\\- of heat-ez- 
portllir: ocean surface currents anti the tller- 
~ l l ~ ~ l l a l i ~ i ~ ' - J r ~ ~ ~ e ~ i  con\-eyor helt i>f the ileei?- 
ocean c ~ r c u l a t ~ o n .  (11) in ter~ia l  ojcil lat~ons 
111 tlie itahility of tlie La~lre~i t ide  Ice Slleet. 
\ \ -~t l i  effects on scenarlt) ( i ) ,  ice .;licet topog- 
raphy. and ;itmospheric n.11iil trajectories. 
and ( I I ~ )  varlatlolix 111 1-1112 atmosphere'.; wa- 
ter-\-apc>l- content,  the niost eftective green- 
Iiouse gas. 

T h e  ol~sen-ation that not all abrupt cli- 
mate change.; are s \ -nchrono~~s  het\\een 
'Antarctica and Greenlanit 17~1t that the sub- 
tropical nlilnsoon c l~nlate  share.; features 
\v1t11 the cli~natic el-olution In 130th polar 
hemisphere  suggests that the cause of 
larqe-scale c l ~ ~ l l a t ~ c  changes mieht lie 111 the  
Ion. lat~tucles, poca~hly ~lle~liateil  to the h ~ g h  
laticudej 1iy lllealls (of Lvater vapc>r erpc-\rt. In 
cc)ntrait to a t~~~o . ;~ i l i e r i c  CO1 anL1 methane, 
\~l i ic l l  lia\,e loqg residence tilllea 111 the 
atmiospliere anil are mixed to gloi3ally ~1111- 

ilar concentrations n .~ th in  a te\v year,.;, xvater 
vapor is regarded as having the l,irgest po- 
tential to cauie hemisplierically asvmmetric 
heating effects (22) .  

T h e  sytlchmneitj and gengraphical ex- 
tent 17f events alone dk> not allo\v us to elran- 
any conclusi\-e inference ill11 the L311yi~cal 
cause of events. Thus, n-e explored if the 
e \ . e ~ ~ t s  111 the monsoonal recorcl also 11aI.e 
a n  oscillatory nature, si~llilar to the 70Ci'- to 
3c7i'G-year Dansgaard-Oeschger cycles of 
the Nortll .Atlantic and Greenlan~l  climate 
(23) .  

T h e  geochemical up\r.elling records of 
B,I (Fig. 2) ancl Ccl (1  1)  ancl the C;lobi~c.r l~~L~ 
b ~ ~ l i o ~ c i t . . ~  al3undance (21) ,  a faunal u1~ \ve l l in~  
ind~cator  (1'5), reveal Lieriodic~ties ot 1755 
and -1 150 wi rz  in core 74KL (FIG. 3. X 
and B). T h e  abunclance of terrlgenous mat- 
ter, spec~ficall\- ilolixuite [a tracer k)t dust 
from the Pers~an Gulf area ( l i ' ) ]  ancl hlg 
content,  vvhich retlectz changes in Llolo- 
mlte- and Calyg~>nl<ite-rich summer ~ I L I . ; ~  
discharge I.\- north\vesterl~ei from north 
'Arabia, rho\v a perind near 145c7 years (FI.:. 
3, D and E),  \ v h ~ c h  IS still lnore p r~~nounce i l ,  
and \.isually apparent, in  the ah~inclance o t  
the rare earth element.; (REEs) n.hen ,spec- 
tra are prevl~h~tened ( F I ~ .  3F) (26) .  A 2SGC- 
year period is also embeJcleJ in the  varia- 
t ~ o n s  of REE content,  almi)st lllanketed in 
the p re~ t -h~ tened  spectra o t  Fig. 3, 1-ut ,ic)m- 
mating in the  unpre\\-l~~teneii  cross-spectra 
of Fis. 1. T h e  Il~ghest s i g n ~ t ~ c a n t  periuil in 
the  74KL rccclrd is near lPdG years, for 
example, 111 the REE recoril or r ~ ~ l l i ~ l ~ u m  
(Rb)  to alllminum (Al )  ratio (Figs. 3 a11J 
5 ) .  

Pestlaus t . r  (11.  (27) reported rul7orhital 
period~cities at 4GCC and 2 3 X  years in the 

Dolomite Fig. 3. Preivhitened spectra (0.8 
level) of geochemical tracers in 
sedilnent core 74KL. Upwelling 
tracers: [A) Cd content lsouth- 
west-monsoon-driven upwell- 
ing) and IB) Globiqerina bolloides 

% abundance ~ u s t b s c h a r ~ e  trac- 
. B G. 6uNoidees abundance E Magmsium ers: (Gj Rb/A (northeast mon- 
c 
a, soonj, (D) dolomite content (Ara- 
U - bian northwesterlies), (E) Mg 
E +- u content (Arabian northwester- 
8) 
a lies), and (Fj REE factor 1 (Arabi- 
cn an northwesterlies). 

Perlod (years) Perloci (years) 

Fig: 4. Cross-spectra (lower solid trace) between 
REE element abundance (26) n core 74KL (rela- 
tve vasation ndcated by crosses) and 6'" of Ice 
in the GlSP2 Ice core (3, 36) (relative var~at~on 
indcaied by upper solid trace), usng the tme  
scale o i  (39). The perod is measured in thousands 
of calendar years, and ttie frequency is ttie Inverse 
of ;lie perod. Sample spacing n core 74KL is 200 
to 250 years, resarnpled at 150 years. Sample 
spacing in ttie GISP2 record IS also at 150 years, 
bu; values are averaged for ntevals spannng 100 
years (~.esolution of the raw data IS based on a 2-m 

Freq. 0.13 0.40 o 67 0.93 I 20 sampling iniewal, translating to 5-year resolution 
Period 7.50 2.50 1 50 1.07 0.83 during ttie l ioocene. con tn~~o~ ls l y  decreasing to 

150-year resoluton durng tlie last glacial maxi- 
mum). To account for the slnooiling effect of boturbaton in deep-sea core 74KL, the GSP2 6'" data 
were also s ~ ~ o o t t i e d  with a 3-pont average. 

Indian Ocean hvdrograL1h!-, \l.hich n-ere es-  
p l a ~ n e ~ l  as c o ~ n h ~ n a t i o ~ l  tones of tlle orbital 
precessional and ollliyuity cycles, represent- 
111s a11 ~ n t e r ~ i a l  hut ~ l o ~ l l i ~ l e a r  reiponse of 
the  monsoon syitem ti) solar forcing (28).  X 
s~milar  22dG-l-ear per~oilicit\- n.as repurted 
ti.r>m the Oman  margin (29) an,l attr~huteil  
tc) ~nteraction, hetn~een ~ ~ c e a n i c  circulatinn 
cllanges and atmospher~c 14C var~ation.;, 
.i\-h~ch show a 236P-year perioilic~ty ( 3 2 ) .  
Higher fre;iuenc~- p e r ~ o d i c ~ t ~ e s  ( 161G to 
18dG years, 1 l5G to 12SP years, anil 836 tio 
96G years d u r ~ n g  Termination I1 and III), 
similar to those n.e see. \\ere reported trom 
~ ~ a l e c ~ t e ~ ~ l p e r a t ~ ~ r e  var~arions In the  up- 
n-el l~ng oft \vest 'Africa ( 3  1 ) ancl from veg- 
etation changes in the i~u theas te rn  L1n1teJ 
States (32) (1214-year and 1425-year peri- 
ods). T h e  115C-year , ~ n d  1 156-year periails 
have also been fc)und in  the S'"C) (temper- 
ature) recnril of the Camp Century Ice colt: 
In Grce~llancl (33).  Thus, ,111 ot the  frequen- 
cies ohserved in the monsoonal climate ski- 
pear t~ 1.e part of global c l~mate  c3sc1llat1r~ns. 

Oscillatio~ls in a l ~ i ~ h - r e s o l ~ ~ r ~ c l n ,  16,jPi'- 
year 8°C) record fl-om the GISP2 ice core 
reveal 1-arious periodicit~e, heluu- 1QJd \-ears 
and 1656-year ancl 336$-:-e,ir per~oils  luring 

the period~city I-ange of our stuily (14). X 
cross-spectral a ~ l a l ~ s ~ s  of the REE ahund,~nce 
in ccore 74KL a n J  8'") of ice in the GISP2 
recore1 reveals coherency \\ell above the 
SGQb significanct level in the 25Cc7- to 33c7C- 
\ear I7and (Fig. 4 ) ,  \\hereas Ccl content anil 
8'") 111 the Ice is coherent In the 1c7CG- tc) 
115c7-year hand. Phase relations h e t \ ~ e e n  the 
ice and monsoon records n.ere not calculat- 
eel hecauie the age mo~lel  of the GRIP and 
GISPI ,  nhicll  agree very vvell for the last 
l6,56c7 years, s11,nv ~~ lco~ l s i s t e~ lc ie s  tor the 
r m e  hefore 16,5c76 years B.P. 

Insteail, \ye f ~ ~ r t h e r  filtered the 74KL 
recor,ls a t  all lllajor pcrioilicities tc) o l~ ta in  
the variations o t  t h e ~ r  ampl~tucle (FIE. 5).  
T h e  1755-\-ear ancl ll5G-\-ear per~ods in 
variations o t  surtace water n u t r ~ e n t  content 
(Cd)  hecvme fully developed only after tlie 
tran.;ltlon from the  k'c)unger Dryas to the 
Holocene at 11,456 cale~ldar years B.P. 
(Fig. 5, A and R); respective filter serles of 
the  Glol~i~ycril~ci bzilloidL>.s abu~ i~ lance  shu~v  
the  same pattern. T h e  145g-\-ear per~oil  111 

ctust tlux, in contrait, was operating c o n t ~ n -  
uousl\- (F~g i .  4 and SC),  as \vai the 95G-year 
period 111 RhiA1, mon~tor ing n.lnter dust. 
A11 amplitu,le v n r ~ a t ~ o n s  show a m,ix~munl 
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of the  teleco~inections iiurin? abrupt 
ex-enti, as well as the  occurrence of t he  
salne perlodlcitlei in varioui regions, sug- 
gests a posiible r e l a t ~ o n  h e t a e e n  pait 
abrupt climate change anil i~lterllal  oscil- 
l a t ~ o n s  in  the  ylobal climate system, a 
~llechanisni likely to  he enforced by the  
precessional cj-cle o t  \rariar~ons 111 iolar 
insolation strength a t  lotv l a t i t~~ i l e i .  
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